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DESCRIPTION 



FLUOROMETER 



5 Technical Field 

The present invention relates to a fluorometer used in the field of 
optical apphcation measurement. 



Background Art 

10 The structural analysis of a substance can be performed in such a 

manner that pigments or the Uke are fixed to the substance (e.g., protein), 
the substance is then excited by Hght, and the spectrum of fluorescence 
emitted firom the substance is observed to evaluate the structure or behavior 
of the substance. Moreover, when rare-earth elements or the like are 

15 mixed with various base materials such as plastic and inorganic materials, 
fluorescence is observed by excitation of the base materials with light. Any 
change in a base material also changes the observed fluorescence spectrum. 
Therefore, the structure or the like of a base material can be analyzed by 
analyzing the fluorescence spectrum. 

20 For the evaluation of a fluorescence spectrum, a measuring 

substance is irradiated and excited generally using a halogen lamp or the 
like. The fluorescence observed is evaluated with a spectroscope. FIG. 6 
shows the configuration of the spectroscope. 

Fluorescence 42 from a measuring substance 40 that has been 

25 irradiated with excitation Hght 41 is converged to a sHt 44 by a lens 43. 

The fluorescence passing through the slit 44 is coUimated by a lens 45 and 
then is directed to a diffraction grating 46. Light 48 that is difiracted by 
the dififraction grating 46 and passes through a sht 47 is observed, and a 
fluorescence spectrum is determined in accordance with the intensity 

30 distribution of the hght 48. 

There is another method for analyzing a fluorescence spectrum 
obtained by excitation with an Ar gas laser or semiconductor laser. When 
fluorescence fi-om a Hving body is observed by irradiating it with a red 
semiconductor laser having a wavelength of 660 nm, a narrow band-pass 

35 filter is used to separate the fluorescence from the excitation light because 
the fluorescence peak is 670 nm (e.g., Japanese Patent No. 3291898). 

In the conventional configuration, a semiconductor layer, a gas laser, 
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or the like is used as an excitation laser for exciting a substance, and the 
intensity of fluorescence generated from the substance is evaluated. 
However, such detection has disadvantages in that, e.g., when a plastic 
material contains rare earth, a shght structural change of the plastic 
5 material cannot be observed precisely. 

In a detection system, the resultant fluorescence spectrum is 
diffracted by a reflection-type grating, and then is observed and detected by 
a CCD camera or the like. The use of a reflection-type grating in a spectral 
system increases the size of the device and causes a problem of stabflity. 
10 Moreover, the detection system including a CCD camera is expensive, and a 
long detection time is required to analyze the resultant fluorescence 
spectrum. 

Disclosure of Invention 

15 Therefore, with the foregoing in mind, it is an object of the present 

invention to provide a fluorometer that can achieve high-precision and 
high-speed detection. 

A first fluorometer of the present invention detects the intensity of 
fluorescence generated from a substance that is excited by light emitted 

20 from a Hght source. Intensities PI, P2, Pn of the fluorescence are 
detected respectively in n (n is an integer of not less than 2) limited 
wavelength regions X1,X2, ...,Xn of the fluorescence. 

A second fluorometer of the present invention detects the intensity 
of fluorescence generated from a substance that is excited by Hght emitted 

25 from a hght source. The fluorometer includes n (n is an integer of not less 
than 2) narrow-band pass filters for transmitting hght in different Hmited 
wavelength regions of the fluorescence, and n Ught-receiving portions 
having one-to-one correspondence with the n narrow band-pass filters. An 
intensity PI of fluorescence transmitted through a first narrow band-pass 

30 filter is detected by a first light-receiving portion. Fluorescence reflected 
firom an (n-l)-th narrow band-pass filter is allowed to enter an n th 
narrow-band-pass fiilter, and an intensity Pn of fluorescence transmitted 
through the n-th narrow-band-pass filter is detected by an n th 
light-receiving portion. 

35 A third fluorometer of the present invention detects the intensity of 

fluorescence generated from a substance that is excited by Hght emitted 
from a Hght source. The fluorometer includes n (n is an integer of not less 
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than 2) narrow-band reflection-type notch filters for reflecting hght in 
different limited wavelength regions of the fluorescence, and n 
hght-receiving portions having one to-one correspondence with the n 
narrow-band reflection-type notch filters. An intensity PI of fluorescence 

5 reflected fi:om a first narrow band reflection-type notch filter is detected by 
a first hght-receiving portion. Fluorescence transmitted through an 
(n-l)-th narrow-band reflection-type notch filter is aUowed to enter an n-th 
narrow-band reflection-type noteh filter, and an intensity Pn of fluorescence 
reflected firom the n th narrow-band reflection-type notch filter is detected 

10 by an n-th hght-receiving portion. 

Ttrief Descri ption of Dr awings 

FIG. 1 shows the schematic configuration of a fluorometer of 
Embodiment 1 of the present invention. 
15 FIGS. 2A and 2B show the fluorescence spectra of sihcate glass and 

phosphate glass, respectively. 

FIG. 3 shows the schematic configuration of a fluorometer ot 
Embodiment 2 of the present invention. 

FIG. 4 shows the schematic configuration of a reflection-type notch 

20 filter. ^ ^ ^ . 

FIG. 5 shows the schematic configuration of a fluorometer ot 

Embodiment 3 of the present invention. 

FIG. 6 shows the schematic configuration of a conventional 
spectroscope. 

25 

Rpst. Mode fnr Carrying Hnt thp Tnvention 

The first to third fluorometers of the present invention detect the 
intensity of hght in a plurahty of hmited wavelength regions of the 
fluorescence that is generated fi:om a measuring substance by 
30 photoexcitation. Therefore, even a shght change in structure of the 
substance can be detected with high precision in a short tune. 

In the first to third fluorometers of the present invention, it is 
preferable that a relative ratio or a difference between the detected 
intensities PI P2 ., Pn of the fluorescence is determined. With this 
35 configuration,' a peak wavelength and/or wavelength width of a spectrum of 
the fluorescence generated from the substance can be detected easily. 

In the first to third fluorometers of the present invention, the hght 
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source is preferably a Ught emitting diode or wavelength-variable 
semiconductor laser. With this configuration, the intensity of the 
fluorescence generated fi-om the substance can be improved, thereby 
increasing the measurement accuracy. 

In the first to third fluorometers of the present invention, a 
rare-earth element is preferably added to the substance. With this 
configuration, the intensity of the fluorescence generated firom the 
substance can be improved, thereby increasing the measurement accuracy. 

In the first to third fluorometers of the present invention, it is 
preferable that a wavelength width of a spectrum of the fluorescence 
generated from the substance is detected by comparing the detected 
intensities P 1 , P2 , . . . , Pn of the fluorescence . With this configuration, a 
slight change in structure of the substance can be detected with high 
precision based on a difference between the wavelength widths even if the 
peak wavelength of the spectrum of the fluorescence generated fi-om the 
substance is the same. 

In the third fluorometer of the present invention, it is preferable 
that the narrow-band reflection- type notch filter includes a pair of glass 
substrates and a photopolymer arranged between the pair of glass 
substrates, and a periodic change in refractive index of the photopolymer 
occurs in its thickness direction. With this configuration, the 
reflection-type notch filter can be smaU and simple in structure. 

Hereinafter, a fluorometer of the present invention will be described 
with reference to the drawings. 
Embodiment 1 

Embodiment 1 of the present invention describes a method for 
identif^ng a material that includes a fluorescent material by evaluating a 
fluorescence spectrum of the material with a plurality of light-receiving 
portions. 

FIG. 1 shows a fluorometer of Embodiment 1 of the present 
invention. A substance 2 is irradiated using a white LED Oight emitting 
diode) 1 of a visible region. The fluorescence generated fi-om the substance 
2 is collimated by a lens 3, and transmitted light ^1 of a first band pass 
filter 4 is detected by a first photodetector 5. Reflected light of the first 
band-pass filter 4 is directed to a second band pass filter 6, and transmitted 
light X2 of the second band pass filter 6 is detected by a second 
photodetector 7. Further, reflected fight of the second band pass filter 6 is 



directed^ a third band-pass filter 8, and transmitted light X3 of the third 
band-pass filter 8 is det^C^d by a third photodetector 9. 
numeral 30 denotes reflected Ught of the third band pass filter 8. In this 
embodiment, toee band pass filters and three photodetectors are used. 
5 However, four or more band-pass filters and photodetectors can provide 
hicher-predsion detection. j + 

For example, when Nd (a typical rare-earth element) is added to 
glass, the fluorescence spectra of silicate glass and phosphate ^ass are 
Lwn in FIGS. 2A and 2B, respectively Although the same Nd is added, 
10 tZphsshowthatthefluorescencespectrahavediflerentcharac™. 
The following is an example that uses the fluorometer wi h the 
configuration in FIG. 1 to distinguish between two glass materials. The 
sifica!: glass and thephosphate glass absorb Hghtinwavelengthrang^s^^ 
580 mn and 750 to 880 nm. The glass materials were excited by the white 
15 LED. Inthisexamplcaband-passfilterhavingatransmittmiceofTO/. 
and a fidl width at half maximum in transmission spectrum of 0.2 nm was 
used as the band pass filters 4, 6, and 8. The peak wavelength of *e , 
transmission spectrum can be varied by changing the incident angle of h^t 
entering each of the band-pass filters 4, 6. and 8. The transmission peak 
20 "gths of the first, second and third band-pass filters 4. 6. and 8 were 
It to 1050 nm, 1060 nm, and 1070 nm, respectively. Since the band pass 

filters 4 6, and 8 had a transmittance of about 70%. the amounts of hght 
detectedbythesecondphotodetector7andthethirdphotodetector9were 

corrected by the amount corresponding to a transmission loss. By 
25 determining the relative ratios or differences between the -Pf^ '-f'^ 
dl^ct^dby thefirst, second, and third photodetectors 5, 7. and9 the two 
llrialscanbe distinguished. In this example, differences between ^e 
signal strengths (after correction) PI, P2, andP3 detected respectively by 
thTfirst, second, and third photodetectors 5, 7, and 9 were determined. For 
30 the silicate glass, 

PI - P2 < 0 and P2 - P3 > 0. 

For the phosphate glass, 

35 

PI - P2 > 0 and P2 - P3 > 0. 



5 



10 



Consequentty, the fluorescence peak wavelength of the ^Jioate glass was 
detected in the vicinity of 1060 nm ft.e.. ranging fcom 1050 to 1070 nmX 
Thus, the result confirms that this can be used to distmgursh the sUicate 
dass fi»m the phosphate glass. 

As described above, a peak wavelength can be determined precisely 
by using the fluorometer of this embodiment that includes three band-pass 
fflters L three Ught receiving portions in accordance with differences or 
relative ratios between the fluorescence intensities detected by the 
respective Ught-receiving portions. 

In the above example, the transmission peak wavelengths of the 
band-pass filters were set to 1050 nm, 1060 nm, and 1070 nm at intervals of 
10 nm When the wavelength interval is about 1 nm, a narrower 
fluorescence spectrum can be detected with high precision. 

In this embodiment, a peak wavelength of the fluorescence spectrum 
16 is detected. The configuration including the band pass filters of this 
embodiment also can detect a wavelength width of the fluorescence 
spectrum. For example, when the same rare-earth element is mixed with 
afferent base materials, the peak wavelength of the fluorescence spectrum 
rme same, while the wavelength width «uU width at half maximum) 
20 may be different. In such a case, if the peak wavelength is P2, the 
evaluation of the fluorescence spectinim using the configuration of this 
embodiment shows that both materials are represented by 

P 1 - P2 < 0 and P2 - P3 <0. 

However, the wavelength width of the fluorescence specteum can be dete^d 
based on the relationship of PI and P3 with respect to P2. In other words, 
Z wavelength width decreases as the signal strengths PI and P3 decease, 
and the wavelength width increases as the signal sti:en^s P I and P3 
30 increase. Thus, the fluorometer including a pluraUty of band pass filters 
and photodetectors of this embodiment can measure not only a peak 
wavelength but also a wavelength width of the fluorescence spectrum, so 
that the fluorescence specteum can be detected with higher precision, and 
even a small difference in a base material can be recognized. 
35 ^-*'^;^-^^„^^„,,,,3„,,_.3identifiedbyfocusingononepeak 
wavelength of fluorescence generated firom the substance, setting the 
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transmision peak wavelengths of a plurality of band pass filters to the one 
peak wavelength and wavelengths on both sides of the one peak wavelength, 
altmeasuring the intensities of Ught at these wavelengths simultaneously 
to determine a peak wavelength of the fluorescence, ^he a^'™ 

5 spectrum generally has two or more peak wavelengths. Accortogly, when 
Z translsion peak wavelengths of a plurality of band pass filters are set 
to the two or more peak wavelengths, and ratios between the ^gnal 
strengths detected by the respective photodetectors are evaluated, a 
substance also can be identified. ^ ■ , 

10 For example, the fluorescence spectra of YAG and YVO^matenal^ 

each of which contains Nd, will be described below Under excitation with 
Ught havinga wavelength of about 809 nm. the fluorescence «P«;*-- 

containing Nd (referred to as "Nd YAG" in the following) has its peaks 
of 0 946 ^, 1.064 nm. and 1.319 jim, while the fluorescence spectrum of 
IB YVO. containing Nd (referred of as "Nd : YVO4" in the following) has its 

peaks of 0.914 ^, 1.064 ,m. and 1.342 ,m. Although the same rare-earth 
dement Nd is added, there is a difference in peak wavelengths between the 
fluorescence spectra obtained. This is a general phenomenon. mdicaUng 
that the fluorescence spectrum depends on the relationship between the 
additive and the base material. Nd : YAG and Nd : YVO4 can be 
distinguished by utilizing the fact that they are the same in a peak 
wavelength of 1.064 ^m. but are different in the other peak wavelengths. 

FIG 3 shows the schematic configuration of a fluorometer for 
distinguiA Nd : YAG from Nd : YVO4. The identical elements to those in 
FIG 1 are denoted by the same reference numerals. In this example 2. a 
semiconductor laser 10 having a wavelength of 809 nm was used as an 
excitation Ught source. The transmission peak wavelengths of first, second, 
and thirdband-pass filters 11. 12, and 13 were set to 1064 nm 946 nm, and 
1319 nm, respectively. Since the band pass filters 11, 12. and 13 had a 
transmittance of about 70%. the amounts of Ught detected by the second 
photodetector 5 and the third photodetector 9 were corrected by the amount 
corresponding to a transmission loss. When the intensity P2 of Ught 
transmitted through the second band-pass filter 12 and the mtensity P3 of 
Ught transmitted through the third band pass filter 13 are compared with 
35 the intensity PI of Ught (1064 nm) transmitted through the 6-* band-pass 
filter 11 as reference, the material can be identified more preasely. That ^, 
differences or relative ratios between PI andP2 andbetweenPl andP3 are 
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determined and compared, thereby identifying the material immediately. 
"BlhlLentSofthepresentinventiondescribesaconfiguration 
that indudes reflection-type notch filter, instead of the transmrssion type 
KitTid-nass filters in Embodiment 1. , ^ ^ 

' t Stwn in FIG. 4, a notch filter 17 indndes a first glaas substrate 
18a and a second glass substrate 18b that sandwich a photopolymer 19. 
iteSdymer 19 is formed on the first glass substrate 18a by spm 
S L a l^-s of about 1 mm. When rays of li.ht 14a and Ub^«d^ 
as secondharmonics (532 nm) of aYAG laser enter both sides of the notch 
Sr^7 a periodic change in refractive index occurs in the thickness 

r^onofthe photopolymer 19 due to two-beam interferenc.^^^^^^^^^^ 
of the interference fringes (i.e.. a change in refractive index) P"*"-*^*; 
aser beams (wavelength X) 14a and 14b. each entering at an inadent angle 
e (angle in the photopolymer). satisfies the relationship expressed by 



X/2 cos e = d. 



Thus the period d of the interference fringes increases as the incident an^e 
20 ^^mes larger. In tiiis example, the interference fringes with a period d 
rfS^llwereproducedfore =60 degrees. When Ught 15 having a 
wavelengfh of 1064 nm enters the notch filter 17 substantially 
riendLar to the plane of incidence at an incident angle diffiacted 
uXreisgeneratedbyBraggdifiraction. The notch filter 17 reflets 
25 (.Lacts) onlyUghthavinga specificwavelengthin -ordance flie 
incident angle*, and thus can be used as a reflecuon-type filter. This 
r^fS^n-t^e filter has angular dependence in which the wave ength of the 
h^ht 16 is shorter as the incident angle * of the Ught 15 entering 

30 '"^^""olXeschematicconfiguraUonofafiuorome.rincluding 
the above reflection-type notch filters. The identical elemente to those m 
noMe denoted by the same reference numerals ^he f o^^^^^ ^ 
example that uses the fluorometer in FIG. 5 to distinguish betw en sJicate 
glass and phosphate glass as described in Embodiment 1. ^« ■ 

35 reflection-type notch filters 23. 25. and 27 were prepared so that hght m a 
"gth'TangeofloeOnmisBragg-diffiactedwhentheinadent^^ 

is about 20 degrees by adjusting the incident angle 9 responsible for the 
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two-beam interference. Then, the incident angles h, and *3 of light 
traveling from alens 3 to the reflection-type notch filters 23. 25, and 27 
were adjusted, and the reflection wavelengths of the reflection-type noteh 
fflters 23, 25, and 27 were set to 1050 nm, 1060 nm, and 1070 nm, 
respectively. Fluorescence generated from a substance 2 that has been 
Txdted by I white LED 1 is collimated by the lens 3 and directed to the &st 
:::^fi?l 23, and reflected UghtUofthefirstnotchmter 23 jsdetectedby 

a first photodetector 24. Transmitted Ught of the first notch filter 23 ^ 
directed to ti>e second notch filter 25, and reflected Ught X2 of the second 
notchfilter25isdetectedbyasecondphotodetector26. Further, 
transmitted Ught of the second notch filter 25 is directed to *e th^d notch 
filter 27, and reflectedUght W of the third notch filter 27 is detected by a 
third photodetector 28. Reference numeral 31 denotes transmitted Ught of 
the third notch filter 27. The amounts of Ught detected by the second 
photodetector 26 and the third photodetector 28 were corrected by the 
amount corresponding to a transmission loss of the reflection-^^ype noteh 
filters like Embodiment 1, the siUcate glass and the phosphate glass were 
distinguished by determining relative ratios or differences between the 
signal^engths detected by the first, second and third photodetectors 24, 26, 

20 and 28.^ ^^b^dj^ent, four or more reflection-type notch filters and 
photodetectors may be used to provide higher-precision detection. 

In Embodiments 1 to 3, inorganic materials are used as a base 
material. However, the same effect also can be obtained by using organic 

.5 rLalssuchasplasticandprotein. AltV^ough a pigment or the^^e may 
be used as an additive tor generating fluorescence, rare-earth elem~; 
preferred. In particular, when a material is identified or analyzed with a 
fluorometer of the present invention, the absorption or emission spectrin is 
narrow. Therefore, the addition of rare-earth elements can provide a 

30 significant effect. . ^ •» 

Because of the narrow absorption or emission spectrum, it is 
preferable that a Ught-emitting diode or wavelength-variable —ndurtor 
Ler is used as an excitation Ught source to achieve efficient excitation and 
higher fluorescence intensity. , - ^„ 

35 As described above, the fluorescence spectra differ depending on 

base materials even if the same rare-earth element is added to the base 
materials. The materials can be distinguished easily when there is a 
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considerable difference between the fluorescence spectra. In some cases 
r::!er.achan^ influorescence spectrun. may be smaU Accords, to the 

above embodiments, it is possible to make a precise distinction by 
comparing a plurality ofpeak intensities of a fluorescence spectrum. 

Z^over the aistinction accuracy can be improved further by increasing 
the number ot peak intensities detected. 

Afluorometerofthe present invention that includes 
narrow-band-pass filters (or narrow band reflection-type notch fiUers) and 
Ught-receiving portions has .he advantages of a simple configuration, low 
cost, and quick measurement. Therefore, it is expected that the 
fluorometer will be used widely in the field of consumer aPP" to 
identify general products of plastics or the like contanung a fluorescent 
IteTal Compared with a grating used in a conventional -P^o^^^_ 
Z narrow-band-pass filter and the narrow-bandreflection-type no^^^^^^^^ 

can provide a smaller size and higher stability for mechanical vibration, so 
that a more practical fluorometer can be achieved. 

As described above, in the present invention, fluorescence generated 
by photoexdtation is detected in limited wavelength ranges, and^e 
iltensities detected are compared, so that a substance that emits the 
fluorescence can be identified precisely Moreover, the present invenUon 
uses narrow-band-pass filters (or narrow-band reflection-type notch filters) 
a:r;hotodetectors, and thus can provideasimpleMgh-speedflu— 

The invention may be embodied in other forms without departmg 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this appUcation are to be considered in all respects as 

iUust^ativeandnothmiting. ■^^^'>^'''''''^^r''^''''^tmt^J^'' 
appended claims rather than by the foregoing description, and all changes 
wM^ Ime within the meaning and range of equivalency of the danns are 
intended to be embraced therein. 
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